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(57) ABSTRACT 

Disclosed is a rubber composition containing (a) 50 parts lo 
100 parts by weight of polybuladienc rubber having a 1,4-cis 
bond content of 80 mol % to 100 mol % and a 1,2- vinyl bond 
content of 0 mol % to 2 mol %, which is modified with an 
alkoxysilyl group-containing compound, (b) 0 part to 50 
parts by weight of diene rubber other than the above- 
mentioned component (a) (wherein the total amount of 
component (a) and component (b) is 100 parts by weight), 
(c) 10 parts to 50 parts by weight of a crosslinkable 
monomer, (d) 5 parts to 80 parts by weight of an inorganic 
filler and (e) 0.1 part to 10 parts by weight of an organic 
peroxide, and a solid golf ball improved in flight, durability 
and the feeling of ball hitting can be produced from the 
rubber composition. 
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RUBBER COMPOSITION AND SOLID GOLF BALL 

FIELD OF THE INVENTION 

[0001] The present invention relates to a rubber compo- 
sition and a solid golf ball. More particularly, the present 
invention relates to a rubber composition giving a solid golf 
ball good in the feeling of ball hitting, long in flight (carry) 
and excellent in durability, and a solid golf ball obtained 
therefrom. 

BACKGROUND OF THE INVENTION 

[0002] Solid golf balls include one-piece solid golf balls 
integrally molded from crosslinked products of rubber com- 
positions, and multiple-pieces solid golf balls such as two- 
pieces solid golf balls, three-pieces solid golf balls and 
four-pieces solid golf balls in which solid cores having one- 
to three-layers structure composed of crosslinked products 
of hard rubber compositions are coated with covers. 

[0003] Of these solid golf balls, the multiple -pieces solid 
golf balls are particularly excellent in flight, so that in recent 
years, they have mainly been used as golf balls for playing 
rounds of golf. However, the multiple-pieces solid golf balls 
have the disadvantage that the feeling of ball hitting is bard, 
compared with conventional thread-wound structure golf 
balls. Then, it has been attempted that the cores are softened, 
and moreover, portions nearer to the centers of the cores are 
more softened to increase the deformation of the cores on 
hitting, thereby improving the feeling of ball hitting of the 
multiple-pieces solid golf balls. However, the softening of 
the cores deteriorates durability and resilience (carry). It has 
been therefore desired that multiple-pieces solid golf balls 
good in the feeling of ball hitting, long in flight and excellent 
in durability appear. 

[0004] On the other hand, the one-piece solid golf balls 
have mainly been used as golf balls for training fields, and 
are liable to be cracked or chipped by repealed hitting. 
Accordingly, excellent durability is required so as to prevent 
the balls from being cracked or chipped as far as possible. 
Further, golf training players require that the feeling of ball 
hitting is also good. 

[0005] Rubber compositions containing polybuladiene 
having a 1,4-cis bond content of 80 mol % or more, which 
is synthesized using a nickel catalyst or a cobalt catalyst, 
have hitherto suitably been used for cores of the multiple- 
pieces solid golf balls and core portions (solid centers) of the 
one-piece solid golf balls, because of their high resilience 
and durability. It is further known that polybuladiene syn- 
thesized using a rare earth element catalyst can be used for 
a similar purpose. 

[0006] For example, Examined Japanese Patent Publica- 
tion (Hei) 3-59931, Examined Japanese Patent Publication 
(Hei) 6-80123, Japanese Patent No. 2678240, Japanese 
Patent Laid-open Publication (Hei) 6-79018 and Japanese 
Patent Laid-open Publication (Hei) 11-319148 disclose that 
rubber compositions containing polybuladiene synthesized 
using rare earth element catalysis are suitable for the golf 
ball purpose. However, the resilience and durability of the 
resulting golf balls are insufficient. Further, the production 
workability thereof is also insufficient. 

[0007] Japanese Patent Laid-open Publication (Hei) 
7-268132 discloses a golf ball composed of a rubber com- 



position mainly containing polybuladiene synthesized using 
a rare earth element catalyst modified with a tin compound. 
However, the ratio (Mw/Mn) of weight average molecular 
weight (Mw) to number average molecular weight (Mn) is 
high, so that the resilience and durability are insufficient. 

[0008] Japanese Patent Laid-open Publication (Hei) 
11-164912 discloses the use of modified polybutadiene 
rubber having a 1,4-cis bond content of 80 mol % or more, 
a 1,2-vinyl bond content of 2 mol % or less and a low ratio 
(Mw/Mn) of weight average molecular weight (Mw) to 
number average molecular weight (Mn) of 3.5 or less. 
However, this is insufficient in production workability, and 
there is still room for improvement in resilience and dura- 
bility. 

SUMMARY OF THE 1NVENITON 

[0009] It is therefore an object of the present invention to 
provide a rubber coroposilion which can give a solid golf 
ball improved in flight, durability and the feeling of ball 
hitting. 

[0010] Another object of the present invention is to pro- 
vide a solid golf ball improved in flight, durability and the 
feeling of ball hitting. 

[0011] According to the present invention, there are pro- 
vided the following rubber composition and solid golf ball, 
thereby achieving the above-mentioned objects of the 
present invention. 

[0012] (1) A rubber composition containing (a) 50 parts to 
100 parts by weight of polybutadiene rubber having a 1,4-cis 
bond content of 80 mol % to 100 mol % and a 1,2-vinyl bond 
content of 0 mol % to 2 mol %, which is modified with an 
alkoxysilyl group-containing compound, (b) 0 part to 50 
parts by weight of diene rubber other than the above- 
mentioned component (a) (wherein the total amount of 
component (a) and component (b) is 100 parts by weight), 
(c) 10 parts to 50 parts by weight of a crosslinkable 
monomer, (d) 5 parts to 80 parts by weight of an inorganic 
filler and (e) 0.1 part to 10 parts by weight of an organic 
peroxide; 

[0013] (2) The rubber composition described in the above 
(1), wherein modified polybutadiene rubber (a) has a ratio 
(Mw/Mn) of weight average molecular weight (Mw) to 
number average molecular weight (Mn) of 1.0 to 3.5; 

[0014] (3) The rubber composition described in the above 
(1) or (2), wherein modified polybuladiene rubber (a) has a 
Mooney viscosity (ML^ (100° C.)) of 30 to 100; 

[0015] (4) The rubber composilion described in any one of 
the above (1) lo (3), wherein component (a) is modified 
polybutadiene rubber obtained by polymerizing butadiene 
using a rare earth element catalyst, and subsequently allow- 
ing the alkoxysilyl group-containing compound to react wilh 
the resulting polybutadiene; 

[0016] (5) The rubber composition described in ihe above 
(4), wherein the rare earth element catalyst is a neodymiurn 
catalyst; 

[0017] (6) The rubber composition described in any one of 
the above (1) to (5), wherein the alkoxysilyl group-contain- 
ing compound is an alkoxysilane compound having at least 
one epoxy group or isocyanale group in a molecule thereof; 
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[0018] (7) The rubber composition described in any one of 
the above (1) to (6), wherein the alkoxysilyl group-conlain- 
ing compound is 3-glycidyloxypropyltrimethoxysilaoe; and 

[0019] (8) A solid golf ball in which a part or the whole of 
a rubber substance constituting the solid golf ball is obtained 
by crosslinking and molding the rubber composition 
described in any one of the above (1) to (7). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic cross sectional view showing 
an example of one-piece solid golf balls; 

[0021] FIG. 2 is a schematic cross sectional view showing 
an example of two-pieces solid golf balls; and 

[0022] FIG. 3 is a schematic cross sectional view showing 
an example of three-pieces solid golf balls. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] First, component (a) of the rubber composition of 
the present invention will be described. 

[0024] As described above, the modified polybutadiene 
rubber modified with the alkoxysilyl group-containing com- 
pound, component (a), has a 1,4-cis bond content (cis 
content) of 80 mol % to 100 mol %, preferably 90 mol % to 
100 mol %, and a 1,2-vinyl bond content (vinyl content) of 
0 mol % to 2 mol %, preferably 0 mol % to 1.5 mol %. As 
to component (a), the ratio (Mw/Mn) of weight average 
molecular weight (Mw) lo number average molecular 
weight (Mn) is preferably from 1.0 to 3.5, and more pref- 
erably from 1.0 to 3.3; the Mooney viscosity (ML ]+4 (100° 
C.)) is preferably from 30 lo 100, and more preferably from 
50 lo 90; and the viscosity of a 5-wt % toluene solution (SV: 
solvent viscosity) is preferably from 150 to 1,500 cPs, and 
more preferably from 200 to 1,500 cPs. 

[0025] A 1,4-cis bond content (cis content) of modified 
polybutadiene rubber (a) of less than 80 mol % results in 
inferior resilience. Further, a 1,2-vinyl bond content (vinyl 
content) exceeding 2 mol % also results in inferior resil- 
ience. 

[0026] Still further, an Mw/Mn of component (a) exceed- 
ing 3.5 results in inferior resilience and durability. A Mooney 
viscosity (ML 1+J| (100° C.)) of component (a) of less than 30 
results in inferior resilience and durability, whereas exceed- 
ing 100 results in inferior production workability. Further- 
more, when the viscosity of a 5-wt % solution of component 
(a) in toluene al 25° C. (SV) is less than 150 cPs, the 
resilience is deteriorated. 

[0027] The modification of polybutadiene with the alkox- 
ysilyl group-containing compound is conducted, for 
example, by adding the alkoxysilyl group-containing com- 
pound to a polybutadiene rubber solution after polymeriza- 
tion to allow the compound to react with polybutadiene. 

[0028] The above-mentioned modified polybutadiene rub- 
ber is preferably produced by polymerizing butadiene in the 
presence of a rare earth element catalyst showing quasi - 
living polymerizability, and subsequently allowing the 
alkoxysilyl group-containing compound to react with the 
resulting polybutadiene. 



[0029] The rubber composition of the present invention 
contains polybutadiene having mostly 1,4-cis bonds, as a 
main rubber component, moreover, narrow in molecular 
weight distribution and high in solution viscosity, and the 
polybutadiene is modified with the alkoxysilyl group -con- 
taining compound, thereby obtaining the rubber composition 
excellent in production workability. Further, the solid golf 
ball having a rubber substance constituted by a crosslinkcd 
molded article of the rubber composition of the present 
invention shows long flight, and is excellent in the feeling of 
ball hitting and durability. 

[0030] As the rare earth element catalyst used in the 
polymerization of butadiene, a known catalyst can be used. 

[0031] For example, there can be used lanthanum series 
rare earth element compounds, organic aluminum com- 
pounds, alumoxane, halogen-containing compounds and a 
combination with Lewis bases in option. 

[0032] The lanthanum series rare earth element com- 
pounds include halides of metals of atomic numbers 57 to 
71, carboxylates, alcoholales, thioalcohoJates and amides. 

[0033] Further, as the organic aluminum compounds, there 
are used compounds represented by AlR a R 2 R 3 (wherein R a , 
R 2 and R 3 , which may be the same or different, each 
represent hydrogen or hydrocarbon residues each having 1 
to 8 carbon atoms). The alumoxanes are compounds having 
a structure represented by the following formula (I) or (II). 
Aggregates of the alumoxanes described in Fine Chemical, 
23 (9), 5 (1994), J. Atn. Chenu Soc, 115, 4971 (1993), and 
J. Am. Chem. Soc, 117, 6465 (1995) may be used. 
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[0034] wherein R 4 is a hydrocarbon group having 1 to 20 
carbon atoms, and n is an integer of 2 or more. 

[0035] As the halogen-containing compounds, there are 
used aluminum halides represented by AJXJR 5 -^ (wherein 
X is a halogen. atom, R 5 is a hydrocarbon residue having 1 
to 20 carbon atoms such as an alkyl group, an aryl group or 
on araDcyl group, and n is 1, 1.5, 2 or 3); strontium halides 
such as Me 3 SrCl, Me^SiCl^ MeSrHCl ? and MeSrCl 3 ; and 
metal halides such as silicon tetrachloride, tin tetrachloride 
and titanium tetrachloride. The Lewis bases are used for 
complexing the lanthanum series rare earth element com- 
pounds. For example, acetylacetonc and ketone alcohols are 
suitably used. Above all, neodymium catalysts in which 
neodymium compounds arc used as the lanihanum scries 
rare earth element compounds are preferably used, because 
polybutadiene rubber high in the 1,4-cis bond content and 
low in the 1,2-vinyl bond content is obtained with excellent 
polymerization activity. 

[0036] Specific examples of these rare earth element cata- 
lysts are described in Examined Japanese Patent Publication 
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(Sho) 62-1404, Examined Japanese Patent Publication (Sbo) 
63-64444, and Japanese Patent Laid-open Publication (Hei) 
11-35633, Japanese Patent Laid-open Publication (Hei) 
10-306113 and Japanese Patent Laid-open Publication 2000- 
34320 filed by the present applicant, and can be used. 
[0037] When butadiene is polymerized in the presence of 
the rare earth element catalyst using the lanthanum series 
rare earth element compound (La type compound), the 
molar ratio of butadiene to the La type compound is pref- 
erably from 1,000 to 2,000,000, and particularly preferably 
from 5,000 to 1,000,000, and the molar ratio of A1R J R 2 R 3 to 
the La type compound is preferably from 1 to 1,000, and 
particularly preferably from 3 to 500, for obtaining a cis 
content and a Mw/Mn ratio within the above-mentioned 
ranges. Further, the molar ratio of the halogen compound to 
the La type compound is preferably from 0.1 to 30, and 
particularly preferably from 0.2 to 15. The molar ratio of the 
Lewis base to the La type compound is preferably from 0 to 
30, and particularly preferably from 1 to 10. In polymeriza- 
tion, a solvent may be used, or bulk polymerization or gas 
phase polymerization using no solvent may be employed. 
The polymerization temperature is usually from -30° C. to 
150° C, and preferably from 10° C. to 100° C. 
[0038] The modified polybutadiene rubber is obtained by 
allowing the alkoxysilyl group -containing compound (ter- 
minal modifier) to react with an active terminal of the 
polymer, following after the above polymerization. 
[0039] As the alkoxysilyl group-containing compound, 
there is suitably used an alkoxysilane compound having at 
least one cpoxy group or isocyanate group in its molecule. 
Specific examples thereof include epoxy group-containing 
alkoxysilane compounds such as 3-glycidyloxypropyl-tri- 
raethoxysilane, 3-glycidyloxypropyllriethoxysilane, (3-gly- 
cidyloxypropyl)methyldimelhoxysflane, (3-glycidyl-ox- 
ypropyl)methyldiethoxysilane, |3-(3,4-epoxycyclohexyl) 
trimethoxysilane, p-(3,4-epoxycyclohexyI)trietboxysilane, 
|3-(3,4-epoxycyclohexyl)melnyldimethoxysilane, |3-(3,4-ep- 
oxycyclohexyl)ethyldimethoxysilane, a condensate of 
3-glycidyloxypropyltrimethoxysilane and a condensate of 
(3-glytidyloxypropyl)methyldimethoxysilane; and isocyan- 
ate group-containing alkoxysilane compounds such as 3-iso- 
cyanalepropyltrimethoxysilane, 3-isocyanatepropyl-tri- 
ethoxysilane, (3-isocyanatepropyI)methyldiraethoxy-silane, 
(3-isocyanatepropyl)methyldiethoxysilane, a condensate of 
3-isocyanatepropyl trimethoxysilane and a condensate of 
(3-isocyanatepropyl)roethyldimethoxysilane. 
[0040] Further, when the above-mentioned alkoxysilyl 
group-containing compound is allowed to react with the 
active terminal of the polymer, a Lewis acid can also be 
added for accelerating the reaction. The Lewis acid accel- 
erates the coupling reaction as a catalyst thereby improving 
the cold flow of the modified polymer, resulting in the 
improved storage stability thereof. 

[0041] Specific examples of the Lewis acids include 
dialkyltin dialkylmalcates, dialkyltin dicarboxylates and 
aluminum trialkoxides. 

[0042] As reaction methods of modification with the 
above-mentioned terminal modifiers, there can be used 
known methods per se. for example, a method described in 
Japanese Patent Laid-open Publication (Hei) 11-35633 filed 
by the present applicant and a method described in Japanese 
Patent Laid-open Publication (Hei) 7-268132 can be 
employed. 



[0043] Then, the diene rubber other than the above-men- 
tioned component (a), component (b), will be illustrated 
below. 

[0044] Component (b) is not indispensable to the rubber 
composition of the present invention, and a component 
optionally added within the range not inhibiting the achieve- 
ment of the objects of the present invention. Specific 
examples of components (b) include unmodified or modified 
polybutadiene rubber having a cis content of less than 80 
mol % or an Mw/Mn ratio exceeding 33, styrene-butadienc 
rubber (SBR), natural rubber, synthetic polyisoprene rubber 
and ethylene-propylene-diene rubber (EPDM). 

[0045] These can be used either alone or as a combination 
of two or more of them. 

[0046] Then, the crosslinkable monomer, component (c), 
will be described below. 

[0047] Crosslinkable monomer (c) is polymerized by radi- 
cals produced by decomposition of organic peroxides 
described below and functioning as radical initiators, and 
acts so as to accelerate the crosslinking of component (a) and 
component (b). 

[0048] The crosslinkable monomers added to the rubber 
compositions of the present invention are preferably 
monovalent or divalent metal salts of ct,P-etbylenic unsat- 
urated carboxylic acids, and specific examples thereof 
include the following: 

[0049] (i) Acrylic acid, methacrylic acid, itaconic 
add, maleic acid, fumalic acid, crotonic acid, sorbic 
acid, tiglic acid, cinnamic acid and aconitic acid 
(these can be used either alone or as a combination 
of two or more of them); and 

[0050] (ii) Zn, Ca, Mg, Ba and Na salts of the 
unsaturated acids described in the above (i) (these 
can be used either alone or as a combination of two 
or more of them). 

[0051] The unsaturated acids of the above (i) and the metal 
salts of the above (ii) can be used in combination. The 
above-mentioned metal salts of the a,p-ethylcnic unsatur- 
ated carboxylic acids may be either mixed as such with base 
rubber by conventional methods, or formed by adding the 
a,p-ethylenic unsaturated carboxylic acids such as acrylic 
acid and methacrylic acid to the rubber compositions with 
which metal oxides such as zinc oxide have previously been 
mixed by kneading them, and kneading the a,|3-ethylenic 
unsaturated carboxylic acids and the rubber compositions 
together to allow the a,p-elbylenic unsaturated carboxylic 
acids to react with the metal oxides in the rubber composi- 
tions. The crosslinkable monomers (c) can be used either 
alone or as a combination of two or more of them. 

[0052] The inorganic filler, component (d) will be illus- 
trated below. 

[0053] Inorganic filler (d) can reinforce the crosslinked 
rubber to improve the strength, and adjust the weight of the 
solid golf ball by the amount thereof added. 

[0054] Specifically, the inorganic fillers include zinc 
oxide, barium sulfate, silica, alumina, aluminum sulfate, 
calcium carbonalc, aluminum silicate and magnesium sili- 
cate. Zinc oxide, barium sulfate and silica are preferably 
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used among olhers. These inorganic fillers can be used either 
alone or as a combination of two or more of them. 

[0055] Then, the organic peroxide, component (e), will be 
illustrated below. 

[0056] Organic peroxide (e) added to the rubber compo- 
sition of the present invention acts as an initiator for 
crosslinking reaction, graft reaction and polymerization 
reaction of rubber components comprising component (a) 
and component (b), and crosslinkable monomer (c). 

[0057] Suitable specific examples of the organic peroxides 
include dicumyl peroxide, l,l-bis(l-butylperoxy)-3,3,5-tri- 
methylcyclohexane, 2,5-dimethyl-2,5-di-(t-bulylper-oxy) 
hexane and l,3-bis(t-butylperoxyisopropy])benzene. 

[0058] The amount ratio of component (a), component (b), 
crosslinkable monomer (c), inorganic filler (d) and organic 
peroxide (c) is as follows. 

[0059] The amount of modified polybuladiene rubber (a) 
is from 50 parts to 100 parts by weight, and preferably from 
60 parts to 100 parts by weight, and the amount of diene 
rubber (b) other than the above-mentioned component (a) is 
from 0 part to 50 parts by weight, and preferably from 0 part 
to 40 parts by weight (wherein the total amount of compo- 
nent (a) and component (b) is 100 parts by weight). In 
components (a) and (b), when the amount of component (a) 
added is less than 50 parts by weight, the resilience of the 
solid golf ball is insufficient, which unfavorably causes no 
increase in initial velocity of the ball and no prolongation in 
flight (carry). 

[0060] The amount of crosslinkable monomer (c) added is 
from 10 parts to 50 parts by weight, and preferably from 10 
parts to 40 parts by weight, based on 100 parts by weight of 
the total amount of components (a) and (b). Less than 10 
parts by weight results in insufficient resilience of the solid 
golf ball, which causes a decrease in initial velocity of the 
golf ball and a decrease in flight, whereas exceeding 50 parts 
by weight results in so hard a golf ball that the feeling of ball 
hitting is deteriorated. 

[0061] The amount of inorganic filler (d) added is from 5 
parts to 80 parts by weight, and preferably from 5 parts to 
70 parts by weight, based on 100 parts by weight of the total 
amount of components (a) and (b). Less than 5 parts by 
weight results in too light a solid golf ball obtained, whereas 
exceeding 80 parts by weight results in loo heavy a solid golf 
ball obtained. 

[0062] The amount of organic peroxide (e) added is from 
0.1 part to 10 parts by weight, and preferably from 0.2 part 
to 5 parts by weight, based on 100 parts by weight of the 
total amount of components (a) and (b). Less than 0.1 part 
by weight results in too soft a golf ball, which causes 
deterioration in the resilience to decrease flight (carry), 
whereas exceeding 10 parts by weight results in too hard a 
golf ball, which causes deterioration in the feeling of ball 
hitting. 

[0063] By allowing the above-mentioned respective com- 
ponents to be contained in amounts within the above- 
mentioned ranges, the solid golf ball excellent in flight, 
durability and the feeling of ball hitting is obtained from the 
rubber composition of the present invention. 

[0064] The rubber composition of the present invention 
may contain a crosslinking assistant such as zinc oxide, a 



lubricant such as stearic acid, and an antioxidant, as desired, 
in addition to the above-mentioned components (a) and (b), 
crosslinkable monomer (c), inorganic filler (d) and organic 
peroxide (e). 

[0065] Typical examples of the solid golf balls produced 
from the rubber compositions of the present invention by 
crosslinking and molding will be illustrated with reference 
to the drawings. 

[0066] FIG. 1 is a schematic cross sectional view showing 
a one-piece solid golf ball. The reference numeral 1 desig- 
nates a main body portion, and the reference numeral la 
designates dimples. The main body portion 1 is constituted 
by a rubber substance (that is to say, a rubber substance 
composed of a crosslinked molded article of the rubber 
composition of the present invention). 

[0067] FIG. 2 is a schematic cross sectional view showing 
a two-pieces solid golf ball. The reference numeral 11 
designates a core, and the reference numeral 12 designates 
a cover. The core 11 is coaled with the cover 12, and the 
reference numeral 12a designates dimples. The core 11 is 
constituted by a rubber substance. 

[0068] FIG. 3 is a schematic cross sectional view showing 
a three-pieces solid golf ball. The reference numeral 21 
designates an inner core, the reference numeral 22 desig- 
nates an outer core, the reference numeral 23 designates a 
cover, and the reference numeral 23a designates dimples. In 
this three-pieces solid golf ball, the inner core 21 and the 
outer core 22 constitute a solid core. The inner core 21 or the 
outer core 22, or both the inner core 21 and the outer core 
22 arc constituted by a rubber substance. It is preferred in 
terms of Sight and rotation keeping properties that the 
density of the outer core 22 of the three-pieces solid golf ball 
is higher than that of the inner core 21. For example, the 
above can be achieved by adding a filler having a higher 
specific gravity such as W 2 0 5 to the outer core 22 and a filler 
having a lower specific gravity such as Zn0 2 to the inner 
core 21. 

[0069] Then, methods for producing the solid golf balls 
using the rubber compositions of the present invention will 
be described. First, the rubber composition of the present 
invention is placed in a required mold, and crosslinked and 
molded with a press to form each of the main body portion 
of the one-piece solid golf ball, the core of the two-pieces 
solid golf ball and the inner core of three-pieces solid golf 
ball. The crosslinking is preferably conducted at a tempera- 
ture of 130° C. to 180° C. for 10 minutes to 50 minutes. The 
temperature in crosslinking and molding may be changed in 
two or more steps. 

[0070] In the three-pieces solid golf ball, a sheet of the 
rubber composition for the outer layer, which is formed to a 
desired thickness, is adhered to the outside of the inner core 
obtained as described above, and crosslinked and molded 
with a press to form a solid core having a two-layers 
structure. In the three-pieces solid golf ball, either the rubber 
composition used for the inner core or the rubber composi- 
tion used in the outer core should be the rubber composition 
of the present invention. However, it is preferred that both 
are the rubber composition of the present invention. 

[0071] The covers of the two-pieces solid golf ball and the 
three-pieces solid golf ball are formed by coating the above- 
mentioned cores with cover compositions in which addi- 
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lives, for example, inorganic while pigments such as tita- 
nium oxide, and light stabilizers, are appropriately mixed 
with resin components mainly composed of ionomer resins 
or the like. In coating, the injection molding method is 
usually employed. However, Ihe coating method is not 
limited thereto. 

[0072] Further, desired dimples are formed as needed, in 
molding the main body portion for the one-piece solid golf 
ball, and in molding the cover for the two-pieces solid golf 
ball or the three-pieces solid golf ball. 

[0073] A four-pieces solid golf ball can also be produced 
from the composition of the present invention in the same 
manner as with the three-pieces solid golf ball. 

[0074] The solid golf balls obtained from the rubber 
compositions of the present invention are excellent in pro- 
duction workability, good in the feeling of ball hitting, long 
in flight and excellent in durability. 

[0075] This invention will be illustrated with reference to 
examples in more details below, but the following disclosure 
shows preferred embodiments of the invention and not 
intended to limit the scope of the invention. 

SYNTHESIS EXAMPLE 1 

Modified Polybutadiene Rubber (A): Synthesis of 
HPB (A) 

[0076] An autoclave having an inner volume of 5 liters, 
the inside of which was replaced with nitrogen, was charged 
with 2.5 kg of cyclohexane and 300 g of 1,3-butadiene under 
a nitrogen atmosphere. A catalyst was prepared by previ- 
ously mixing a solution of neodymium octanoate (0.18 
mmol) and acetylacelone (0.37 mmol) in cyclohexane, a 
solution of methylalumoxane (18.5 mmol) in toluene, a 
solution of diisobutylaluminum hydride (3.9 mmol) in 
cyclohexane and a solution of diethyl aluminum chloride 
(0.370 mmol) in cyclohexane, and reacting the resulting 
mixture with 5-fold moles of 1,3-buladiene (0.90 mmol) in 
relation to neodymium octanoate and aging the resulting 
product al 25° C. for 30 minutes. The above prepared 
catalyst was added to the mixture in the autoclave, followed 
by polymerization al 50° C. for 30 minutes. The degree of 
conversion of 1 ,3-butadiene was approximately 100%. 
Then, the temperature of Ihe polymerization solution was 
kept at 50° C, and 3-glycidy]-oxypropyltrimethoxysilane 
(5.40 mmol) was added thereto. Thereafter, the solution was 
allowed to stand for 30 minules, and a solution of 2,4-di-t- 
butyl-p-cresol (1.5 g) in methanol was added. After the 
termination of polymerization, the solvents were removed 
by steam stripping, and the resulting product was dried on a 
roll heated at 110° C. to obtain a polymer. The 1,4-cis bond 
content of the obtained polymer was 97.8 mol %, the 
1,2- vinyl bond content was 1.0 mol the Mw/Mn ratio was 
2.4, the Mooney viscosity (ML J+4 (100° C.)) was 41, and the 
toluene solution viscosity was 210. 

SYNTHESIS EXAMPLE 2 

Modified Polybutadiene Rubber (B): Synthesis of 
HPB (B) 

[0077] A polymer was prepared in the same manner as 
with the synthesis example of HPB (A) with the exception 



that the amount of methylalumoxane added was changed lo 
9.2 mmol. The property values of the polymer are shown in 
Table 1. 

SYNTHESIS EXAMPLE 3 

Modified Polybutadiene Rubber (C): Synthesis of 
HPB (Q 

[0078] A polymer was prepared in the same manner as 
with the synthesis example of HPB (A) with the exception 
that the amount of methylalumoxane added was changed to 
9.2 mmol, and the amount of diisobutylaluminum hydride 
added was changed to 43 mmol. The property values of the 
polymer are shown in Table 1. 

SYNTHESIS EXAMPLE 4 

Modified Polybutadiene Rubber (D): Synthesis of 
HPB (D) 

[0079] A polymer was prepared in the same manner as 
with the synthesis example of HPB (A) with the exception 
that the amount of methylalumoxane added was changed to 
9.2 mmol, and the amount of diisobutylaluminum hydride 
added was changed lo 3.2 mmol. The property values of the 
polymer are shown in Table 1. 

SYNTHESIS EXAMPLE 5 

Modified Polybutadiene Rubber (E): Synthesis of 
HPB (E) 

[0080] A polymer was prepared in the same manner as 
with the synthesis example of HPB (A) with the exception 
that the amount of methylalumoxane added was changed to 
9.2 mmol, and the amount of diisobutylaluminum hydride 
added was changed lo 5.0 mmol. The property values of the 
polymer are shown in Table 1. 

SYNTHESIS EXAMPLE 6 

Modified Polybutadiene Rubber (F): Synthesis of 
HPB (F) 

[0081] A polymer was prepared in the same manner as 
with the synthesis example of HPB (A) with the exception 
that the amount of methylalumoxane added was changed lo 
9.2 mmol, and the amount of diisobutylaluminum hydride 
added was changed to 1.6 mmol. The property values of the 
polymer are shown in Table 1. 

SYNTHESIS EXAMPLE 7 

Modified Polybutadiene Rubber (G): Synthesis of 
HPB (G) 

[0082] A polymer was prepared in the same manner as 
wilh the synthesis example of HPB (A) with the exception 
that the amount of methylalumoxane added was changed lo 
5.1 mmol. The property values of the polymer are shown in 
Table 1. 

SYNTHESIS EXAMPLE 8 

Modified Polybutadiene Rubber (H): Synthesis of 
HPB (H) 

[0083] A polymer was prepared in the same manner as 
with the synthesis example of HPB (A) wilh the exception 
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lhal the amount of melhylaluraoxane added was changed lo 
9.2 mmol, and ihe modifier was changed lo polymeric type 
diphenylmethane diisocyanale (5.4 mmol). The property 
values of the polymer are shown in Table 1. 

[0084] HPB (H) is modified polybutadicne rubber for 
comparison using the modifier (polymeric type diphenyl- 
methane diisocyanale) described in Japanese Patent Laid- 
open Publication (Hei) 11-164912. BR01, BR03, BRll and 
BR 18 in Table 1 are unmodified polybuladiene rubber using 
no modifier. 

[0085] As to the solution viscosity (SV) in Table 1, the 
viscosity of a 5-wt % solution of a previously prepared 
polymer in toluene was measured with a Cannon-Fenske 
viscometer in a thermostat al 25° C. 

TABLE 1 



Synthesis Example 1 2 3 4 5 6 7 8 

Polybutadicne 

Polymerization 
Conditions 

Polymerization 
Cat. 

Modifier 
Properties 

Mooney Viscosity 
2,4-Cis Content 
3,2- Vinyl 
Content 
Solution 
Viscosity (SV) 
Mw/Mn 



BR01: Polybutndiene rubber manufactured by JSR Corporation 
BR03: Polybutadtene rubber manufactured by JSR Corporation 
BRll : Polybuladiene rubber manufactured by JSR Corporation 
BR18: Polybuladiene rubber manufactured by JSR Corporation 
Si: 3*Glycidyloxypropyltrimethoxysilane 
MDI: Polymeric type diphenylmethane diisocyanale 



EXAMPLES 1 TO 6 AND COMPARATIVE 
EXAMPLES 1 TO 4 

[0086] According to a formulation described in Table 2 
shown below, polybutadiene shown in Table 1, zinc diacry- 
late, zinc oxide, dicumyl peroxide and the antioxidant were 
kneaded with rolls, and the resulting rubber composition 
was crosslinked and molded under pressure at 150° C. for 30 
minutes to obtain a core having a diameter of 38 _5 mm. For 
comparing production workability, the wrapping lest was 
carried out using 6-incb rolls to evaluate roll processability. 

[0087] Conditions of Ihe wrapping test; temperature: 70° 
C, nip width: 1.4 mm, revolutions: 20rpm/24 rpm Here, the 
roll processability was evaluated as follows. The larger 
numerical value indicates the belter roll processability (the 
same applies in Tables 3 and 4). 

[0088] 5: Tbe rubber composition finely wraps 
around the roll, and a surface thereof is smooth. 

[0089] 4: The rubber composition wraps around the 
roll, and a surface thereof does not feel rough. 

[0090] 3: The rubber composition wraps around tbe 
roll, but a surface thereof feels rough. 



[0091] 2: The rubber composition wraps around the 
roll, but one or more holes are formed on a surface 
thereof to cause a poor appearance. 

[0092] 1: The rubber composition does not wrap 
around tbe roll. 

[0093] Results shown in Table 2 reveal that Examples 1 to 
6 are superior to Comparative Examples 1 to 4 in roll 
processability. 

[0094] Then, the resulting core was coaled by the injection 
molding method with a cover composition composed of a 
mixture of 100 parts by weight of an ionomer resin (trade 
name: Surlyn, manufactured by du Pont) and 2 parts by 
weight of titanium dioxide to form a cover, thereby prepar- 



ing a two-pieces solid golf ball having an outer diameter of 
42.7 mm. In Comparative Examples 2 and 3, the modifier 
(polymeric type diphenylmeihane diisocyanate) described in 
Japanese Patent Laid-open Publication (Hei) 11-164912 was 
used. The ball obtained in Comparative Example 4 is a 
conventional standard two-pieces solid golf ball. 
[0095] As to the two-pieces solid golf balls thus obtained, 
their weight, compression (PGA indication), initial velocity, 
flight and hammering durability were measured. Results 
thereof are shown in Table 2. Further, ten lop professional 
golf players actually hit the resulting solid golf balls with a 
wood No. 1 club to examine their feeling of ball bitting. 
Results thereof are also shown in Table 2. 
[0096] Methods for measuring the above-mentioned initial 
velocity, flight and hammering durability and a method for 
evaluating the feeling of ball bitting are as follows. 

[0097] (1) Initial Velocity: A ball was hit at a head 
speed of 45 m/second with a wood No. 1 club 
attached to a swing robot manufactured by True 
Temper Co., and the initial velocity (m/second) of 
the ball at Ibat lime was measured. 
[0098] (2) Flight (carry): When a ball was hit at a 
head speed of 45 m/second with a wood No. 1 club 
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attached to a swing robot manufactured by True 
Temper Co., Ltd., the distance (yard) to a position on 
which the ball fell was measured. 

[0099] (3) Hammering Durability: A ball was repeat- 
edly collided against a collision plate at a speed of 45 
m/second, and the number of collisions required 
until the ball was broken was examined. The ham- 
mering durability was indicated by the index taking 
as 100 the number of collisions required until the ball 
of Comparative Example 4 was broken. 

[0100] (4) Feeling of Ball Hitting: The feeling of ball 
hitting was evaluated by an actual hitting test by ten 
top professional golf players. In the evaluation of the 
feeling of ball hitting, the feeling of ball hitting was 
compared with that of the ball of Comparative 
Example 4, a conventional standard two-pieces solid 
golf ball. Criteria for the evaluation are as follows 
and are indicated by the same symbols when they are 
shown in Table 2 to 4 as results of the evaluation. In 
this case, it indicates that 8 players of the ten players 
made the same evaluation. 

[0101] Criteria for Evaluation: 

[0102] o: The feeling of ball hitting is softer and 
better than that of the ball of Comparative Example 
4. 

[0103] A: The feeling of ball hitting is equivalent to 
that of the ball of Comparative Example 4. 

[0104] x: The feeling of ball hilling is harder and 
worse than that of the ball of Comparative Example 
4. 

[0105] From the results shown in Table 2, the balls of 
Examples 1 to 6 showed long flight (carry) and were 
excellent in durability, compared with the balls of Compara- 
tive Examples 1 to 3, and moreover, good in the feeling of 
ball hitting, compared with the ball of Comparative Example 
4, a conventional standard two-pieces solid golf ball. 

TABLE 2 



EXAMPLES 7 TO 12 AND COMPARATIVE 
EXAMPLES 5 TO 8 

[0106] Compounding materials of each formulation 
shown in Table 3 were kneaded with a krieader and rolls to 
prepare a rubber composition. The prepared rubber compo- 
sition was charged into a mold, and crosslinked and molded 
under pressure at 168° C. for 25 minutes to prepare a 
one-piece solid golf ball having an outer diameter of 42.7 
mm, which was formed of a crosslinked molded article 
integrally molded. In Comparative Examples 6 and 7, the 
modifier (polymeric type diphenylmethane diisocyanate) 
described in Japanese Patent Laid-open Publication (Hei) 
11-164912 was used. The ball obtained in Comparative 
Example 8 is a conventional standard two-pieces solid golf 
ball. 

[0107] Results shown Table 3 indicate that the roll pro- 
cessability of Examples 7 to 12 is excellent, compared with 
that of Comparative Examples 5 to 8. 

[0108] As to the one-piece solid golf balls thus obtained, 
their weight, compression (PGA indication), initial velocity, 
flight (carry) and hammering durability were measured, and 
the feeling of ball hitting was evaluated, in the same manner 
as with Example 1. Results thereof are shown in Table 3. In 
the evaluation of the feeling of ball hitting, the feeling of ball 
hitting was compared with that of the ball of Comparative 
Example 8, a conventional standard one-piece solid golf 
ball. 

[0109] As apparent from the results shown in Table 3, the 
balls of Examples 7 to 12 showed long flight and were 
excellent in durability, compared with the balls of Compara- 
tive Examples 5 to 7, and moreover, good in the feeling of 
ball hitting, compared with the ball of Comparative Example 
8, a conventional standard one-piece solid golf ball. 
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45 J 
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45.4 
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45.5 
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Compression (PGA) 


93 


90 
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90 


90 


89 


90 


90 


93 


90 


Initial Velocity (m/sec) 


69.5 


68.9 


69.3 


6S.4 


67.3 


66.9 


64.8 


66.5 


66.3 


63.5 



Flight (yard) 241 239 239 238 236 234 228 234 233 222 

Hammering Durability* 356 353 358 353 347 344 339 139 338 300 

Feeling of Ball Hitting ooooooooo — 



•Antioxidant: YosMnox 425 ™, manufactured by YOSHITOMI PHARMACEUTICAL INDUSTRIES, 
LTD 

••The index taking Comparative Example 4 as 300 (the larger numerical value is better.) 
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TABLE 3 



Compounding Ratio (parts by Example Comparative Example 

weight) 7 8 9 10 il 12 5 6 7 8 



Polytmladiene 

HPB (A) 100 60 — — — — 30 — — — 

HPB(B) — — 100 60 _______ 

HPB (G) — — — — 100 60 — — _ _ 

HPB (H) — — — — .— 100 60 — 

BR13 — - 40 — 40 — 40 70 — 40 1 00 

Zinc Diacrylatc 23 23 2323232323232323 

Zinc Oxide 252525 25 25 2525252525 

Dicumyl Peroxide 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 

Antioxidant' 0.5 0.5 0.5 0.5 0.5 0_ 0.5 0.5 0.5 05 

Roll Processability 55555544 44 

Weight (g) 45.4 45.4 45.5 45.4 45.4 45.4 45.4 45.4 45.5 45.4 

Compression (PGA) 81 80 81 81 80 80 80 81 80 80 

Initial Velocity (m/scc) 64.1 63.9 64 63.9 633 62.8 60.7 623 62.1 60 

Flight (yord) 226 225 225 224 220 219 213 218 217 211 

Hammering Durability - * 157 156 156 155 148 145 119 144 141 100 

Feeling of Ball Hitting oo o ooooo © — 



•Antioxidant: Yosbinox 425 ™, manufactured by YOSHITOMI PHARMACEUTICAL INDUSTRIES, 
LTD 

"*The index taking Comparative Example 4 as 100 (the larger numerical value is belter.) 



EXAMPLES 13 TO 16 AND COMPARATIVE 
EXAMPLES 9 TO 11 

[0110] Compounding materials of each formulation shown 
in Table 4 were kneaded with a kneader and rolls to prepare 
a rubber composition. The prepared rubber composition was 
crosslinked and molded under pressure at 150° C. for 30 
minutes to obtain a core having a diameter of 38.5 mm. 
Then, the resulting core was coated by the injection molding 
method with a cover composition composed of a mixture of 
100 parts by weight of an ionomcr resin (trade name: Surlyn, 
manufactured by du Pont) and 2 parts by weight of titanium 
dioxide to form a cover, thereby preparing a two-pieces solid 
golf ball having an outer diameter of 42.7 mm. 

[0111] As to the two-pieces solid golf balls thus obtained, 
their weight, compression (PGA indication), initial velocity, 



flight (carry) and hammering durability were measured, and 
the feeling of ball hitting was evaluated, in the same manner 
as with Example 1. Results thereof are shown in Table 4. In 
the evaluation of the feeling of ball hitting, the feeling of ball 
hitting was compared with that of the ball of Comparative 
Example 4, a conventional standard one-piece solid golf 
ball. 

[0112] As apparent from the results shown in Table 4, also 
in these two-pieces solid golf balls, the solid golf balls of 
Examples 13 to 16 showed long flight and were excellent in 
durability, compared with the solid golf balls of Compara- 
tive Examples 4 and 9 to 11, and moreover, good in the 
feeling of ball hitting, compared with the solid golf ball of 
Comparative Example 4, a conventional standard two-pieces 
solid golf ball. 



TABLE 4 
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Comparative Example 



Compounding Ratio (parts by weight) 3 



15 



10 
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Roll Processability 
Weight (g) 
Compression (PGA) 
Initial Velocity (m/sec) 
Flight (yard) 
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— 300 ______ _ 
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93 90 93 90 90 90 93 90 90 
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TABLE 4-conlinucd 



Example Comparative Example 

Compounding Ratio (parts by weight) 3 13 34 IS 16 4 9 10 11 

Hammering Durability" 158 144 1 65 142 141 100 99 93 131 

Feeling of Ball Hitting ooooo — AAA 



•Antioxidant: Yoshinox 425 ru , manufactured by YOSHITOMI PHARMACEUTICAL INDUSTRIES, 
LTD 

**The index taking Comparative Example 4 as 100 (the larger numerical value is better.) 



What is claimed is: 

1. A rubber composition containing (a) 50 parts to 100 
parts by weight of polybutadiene rubber having a 1,4-cis 
bond content of 80 mol % to 100 mol % and a 1,2-vinyl bond 
content of 0 mol % to 2 mol %, which is modified with an 
alkoxysilyl group-containing compound, (b) 0 part to 50 
parts by weight of diene rubber other than the above- 
mentioned component (a) (wherein the total amount of 
component (a) and component (b) is 100 parts by weight), 
(c) 10 parts to 50 parts by weight of a crosslinkable 
monomer, (d) 5 parts to 80 parts by weight of an inorganic 
filler and (c) 0.1 part to 10 parts by weight of an organic 
peroxide. 

2. The rubber composition according to claim 1, wherein 
modified polybutadiene rubber (a) has a ratio (Mw/Mn) of 
weight average molecular weight (Mw) to number average 
molecular weight (Mn) of 1.0 to 3.5. 

3. The rubber composition according to claim 1, wherein 
modified polybutadiene rubber (a) has a Mooney viscosity 
(ML (100° C.)) of 30 to 100. 

4. The rubber composition according to claim 2, wherein 
modified polybutadiene rubber (a) has a Mooney viscosity 
(ML w (100° C.)) of 30 to 100. 

5. 'The rubber composition according to claim 1, wherein 
component (a) is modified polybutadiene rubber obtained by 
polymerizing butadiene using a rare earth element catalyst, 
and subsequently allowing the alkoxysilyl group-containing 
compound to react with the resulting polybutadiene. 

6. The rubber composition according to claim 2, wherein 
component (a) is modified polybutadiene rubber obtained by 
polymerizing butadiene using a rare earth element catalyst, 
and subsequently allowing the alkoxysilyl group-containing 
compound to react with the resulting polybutadiene. 

7. The rubber composition according to claim 3, wherein 
component (a) is modified polybutadiene rubber obtained by 
polymerizing butadiene using a rare earth element catalyst, 
and subsequently allowing the alkoxysilyl group -containing 
compound to react with the resulting polybutadiene. 

8. The rubber composition according to claim 4, wherein 
component (a) is modified polybutadiene rubber obtained by 
polymerizing butadiene using a rare earth element catalyst, 
and subsequently allowing the alkoxysilyl group -containing 
compound to react with the resulting polybutadiene. 



9. The rubber composition according to claim 5, wherein 
the rare earth element catalyst is a neodymium catalyst. 

10. The rubber composition according to claim 6, wherein 
the rare earth element catalyst is a neodymium catalyst. 

11. The rubber composition according to claim 7, wherein 
the rare earth element catalyst is a neodymium catalyst. 

12. The rubber composition according to claim 8, wherein 
the rare earth element catalyst is a neodymium catalyst. 

13. The rubber composition according to claim 1, wherein 
the alkoxysilyl group-containing compound is an alkoxysi- 
lane compound having al least one epoxy group or isocy- 
anate group in a molecule thereof. 

14. The rubber composition according to claim 2, wherein 
the alkoxysilyl group-containing compound is an alkoxysi- 
lane compound having at least one epoxy group or isocy- 
anate group in a molecule thereof. 

15. The rubber composition according to claim 3, wherein 
the alkoxysilyl group-containing compound is an alkoxysi- 
lane compound having al least one epoxy group or isocy- 
anale group in a molecule thereof. 

16. The rubber composition according to claim 5, wherein 
ihe alkoxysilyl group-containing compound is an alkoxysi- 
lane compound having at least one epoxy group or isocy- 
anate group in a molecule thereof. 

17. The rubber composition according to claim 9, wherein 
the alkoxysilyl group -containing compound is an alkoxysi- 
lane compound having at least one epoxy group or isocy- 
anate group in a molecule thereof. 

18. The rubber composition according to claims 13, 
wherein the alkoxysilyl group-containing compound is 
3-glycidyloxypropyllrirnethoxysilane. 

19. The rubber composition according to claims 14, 
wherein the alkoxysilyl group-containing compound is 
3-glycidyloxypropyltrimethoxysilane. 

20. A solid golf ball in which a part or the whole of a 
rubber subsiancc constituting the solid golf ball is obtained 
by crosslinking and molding the rubber composition accord- 
ing to any one of claims 1 to 19. 

***** 
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(57) [SM] 

mm-rzzt. 

mm^m (a) i, 4-^g^#M8o-i 

oot;k%, i, 2-t->i>m-£rkRt> i o— 2*;u%. 

dfJ^^iyiA5 0- 1 OOSigS. (b)±K 
( a ) iSMWwyi^A 5 0~0fifiS& C-T i 
T\ ( a ) ( b ) l£#«0£ih»i 1 0 OBigBT' 

fti.), (c ) i?Mgtt^y-?-i o-5omagp. 
( d ) mmsm 5-8 osss, ( e ) ?r&jii 

K-ftfeO . 1 - 1 V y -/ FrfiP7 
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1 ] ( a ) 1 , 4 -yX^M80-l 
0 0^%, 1. 2-h'^Jg^-g^o-2^;U%. 
^7^3^yy y /US ^o-f t-^jT'^tt £ titz £14 

^uy^^x^rf^so—i oosssb. (tojhie 

(a) ^J^^^xy^rfA5 0-0SJt^ CCl,!: 

t\ ( a ) ( b ) fcttcD-samz i o oafigEr 

hh) . (c ) ^tt^y^-l 0-5 0SSSS. 
( d ) *i^3t^J 5-8 OfifigS. £tM e ) 

KYt^o. i-iofiigp. zimi-zztztrnk-t 

%ft^S (Mw) kfftT^^a (Mn) tCDit (Mw 

/Mn)#i. o-3. 5?i>zmsminmv>vvv 

[f*Rfl3] ( a) ^tt^U^>?xyrfA^A-- 
-ffijg [ML 1 + 4 ( 1 0 0*C) ] ^'3 0-1 0 OX'foh 

m^m i 2 ifficov y y v zffrynt—frm* ash 

[ 11*^4 ] ( a ) S±a7c^m«aSES:Mv^ 
tf *SH1*K »J 7 * i^x y rf At^ & MRS 

m i - 3 v w*i3&* i m y y >y f rfti^ wb =f 

fcSIS*3l4^iettOy 'J -y Frf;U7^-;UJBrfAffl^ 
tf^S'KifcfcM y5/T^-hS£#^4Hc^3:< ki> 

i^ma* 1 maamv y ^ h ^vi^tf-zi^rf Aiajs 

-^U ^ S^M"* y7o bVU h y * b * is is? ytft £ 

was© 1 — 6 v vftdtp 1 JSie»<oy y ? k 

[ MS« 8 ] y y >y b' rf;P 7 *-/UD if A|f<?)— gff £ 
fctt^ffl**. fftfcB 1 - 7 v vf ^ 1 mzimco y y 

r *> & «r t Zim t iT £ y y * y k ^u:? 

[00 0 1] 

-> < „ froWAttfcWxfcy 'J y Hrf;^^- 

^Sr^^^rfAM^ftio^^^ffl^^^^^n^ y y 

[0002] 

[t¥*costrr] y y v H=r^7#-;w±. ^ajbjksss- 



-3Jlfi}3Soy y <y (CXrA— *KI[«Lfc7-e 

-^y y y Hrf;U7^-yU. XU-h'-xy y y Y^ffV 

ytf-tv. 7*— tr-^y y >y h^u^^/^^cov 
ypf-t:— xy y y F=r^7sK— ciii^^y y 
v h rf/u 7 ^<-;uco 3 . -?)Vjr b-~x y y y v zftuy 

co^^x$-7^# < UTv;uf-t°-xy y y Krf/p^^- 

ttfig (fTOESI) Hftgr-ti. Ucifi-oX. fMBS&&& 
X\ fmmifikZ < s ^o»Att^ii^^;^b-x 
yy vH^;U7#-;I/eoaj3»36«H4*LTW^4 # -^r. v 
ytf-xy y y K^/P7#-;Wi. ltjks«ipj^ 

[0003] ft^J: 0 s v;^tf— xy y ^ Krf;U7^ 
— /I^coar . y^b 6 — Xrf;l/y^-;^c7)^;gp ( y y ^ H 
-b>-^-) ^(4. -y^^MJ«i^{4r7y^h»««E 

^±mjmmM&zm^X'&f&zixhtfV7 

[0 004] Wit*. $^¥3-59 9 3 1 ^ffl. «p 
^¥6 - 8 0 12 3^&*L #^2 6 7 8 2 4 

«fi3f6-7 90 18fM, 1-319 
1 4 8^*Tii. #±3l7cSm^y y^yxy« 

=arV^ #^¥7- 2 6 8 1 3 2^fgW±. ^-ft^T 
SEtt Lfc«±a?c«3fi««EK: X h *y y'xy^a 

Ti^o L^L^rtffe. Sfi^^S (Mw) kfSL^ 
WI(Mn) k(?)tt(Mw/Mn)^^tfr 

^m^l 1-16 4 9 1 2^»T<4. 1 - 4 -^Xg 
^•S^8 0^;P%fei±. 1, 2-b'x;t4££~£§#2 
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*>ls%&T. fifi^F^H^fi (Mw) fclS^fttfH^fi 
(Mn ) t<7)it (Mw/Mn ) #3. 5OTfc'h£ VVjf 

•j y ? yiy^ l/c rfA £<jyjhr s - 1 #»s 3*1 

[0005] 

V 'J y K^7--K-^S--?-if#f>^Affl^!|l3^g«-rs 
[00 06] 

V U y Krf;U7-t*-7l-fflrfAffl^!t%tJj;tXy 'J y K^;P 

(1) (a) 1, 4-i/Ai^i*<8 0-10 0t;l^ 
%, 1, 2-b*x;Mg£-g-S#0— 2^%. troT)V 
a*i,is>J;um£ft-i-fk£ryi)X'^&Z1xfz# 'J y? y'x 
y^A5 0~l 0 OSJUP. (b) ±£ (a) Jft»£W- 
Ov-'xy^A5 0-0m»SP C-IC:T\ (a)j£#i: 
(b) j£#0>£H-ii4 1 0 0aSSBT-$>l»D , ( c ) 

o-soaggp. <d) mm&m5^ 
8om&&. axis (e) nwamwho. i~ioi 
mm. z t itmt-th y y y Fy^;?*- 

A-fflyAfflj£ft. 

[ 2 ] ( a ) y y^ yxy JAOilflTW 

4 (Mw) fc&¥*5#"F-3 (Mn) fc^Jt (Mw/M 
n)**l. 0-3. 5T'*S±!e(l)IB«<Oy'J y Krf 
/U7*-;HHy.Ai|&j£ft. 

[ 3 ] ( a ) ^tt* 'J y ? j/'xy iA« A-x-ffijg 

[ml,,, ( 1 00*0 ] #30-1 oox-hh±m 

( 1 2 lister/ y y FrM^stf-A-jflyAajS 

ft. 

( 4 ] ( a ) #±JS7C^^M«Srffll- vC«-£ 

u ?i#^#r^3^v->-y;i^^^K>^^!i^Rie$ 
•frT^t^ixs^e^y y^^*xvd-AT'j>s±ie( 1 ]— 
1 3jv^m6«ttoy y h ^7^-;^^^ 
ft. 

UKcE&^y 'J -y H=r^7sJ<-;UfflrfAffl^ft. 
(6] T/l/ndf^^y;^S:WfO^-^ft*<, x^i^S 
^^:<i-f Vx7t- h££4H t 4»fc*l«S:< t *> 1 ott 
ST/l^* Wt^ftT-?>-l»±fe( 1 )— [ 5)Wfix 

*»aattoy y y h yn^-i?— ;i/j8=f am%. 

(7) T;Un^->^y;l^Sr^-fk-^ft^ 3-yy>- 
i^M"* y/D bVl^ F y ^ F 3rS^5 VTJ> &_LfE ( 1 ) 
—(6)v»-«t*HEttoy U y Krf;P7.i<-;^^Am 



ft. 

[ 8 ] y y y F zf/Uy ft—foCO rf A® CD — gtf £ £J4£g? 

JlE[ 1 )M7)VYffta»fc:|BBfc>y y y K^;P7-if 
-7W*§yA|aj£ft£\ J^UticO-t'&.&.rtS- 

HBlttl. y y >y H^7-^-;u. 

[0007] 

[WSOXttaHHB] ft. *JWoyij -y YdtA,7lfi 
-/UfflrJAiffljSft (J3TF. «tC fcfcv* 
o ) ( a ) jRa-tcoivcstgrt*. ±au-J:3l:, 
(a) lS*T , *57/l'34y5/^l«^fl:^ira 

ttutsafctfyy^x^yAte, i, 4-isxm&£ 

a (v-X^-g) *>'8 0~1 OOt;^. L<(49 0 
— l o o t 1.2- t'x/ujg-£~trs ( b'x/i^- 
*) **0 — 2^%, #;fcl,<<40- 1. 5^%. a 
IfS^fl (Mw) k»T%»^* (Mn ) kcoifc 
(Mw/Mn) 36*#*U<ttl. 0—3. 5, 
2L<<41. 0-3. 3. A-x-fiSJSCML, t4 (1 
00*C) 3 #*f;fcL<(430 — 1 00. £<?>K*f;£L< 
1450-90. 5tI%i0h;Hyi»(SV)*{ 
*?;feL<l41 5 0— 1 , 50 0c Ps, $£(c$FsfcL< 
(42 0 0—1, 5 0 0 c P sT'£>&. 

( a ) satsK y y ^ ^'x^^aco i , 4 - £yx^a-^a 
( ) #8 o ^E/wfcfcarca & t Katta*^ 

1. 2-b'^/l4£-&irg (b'r:;^a) #2 
*A-%£j@;tT <>Sflttflg^& . $ ( a ) 

tfOM w/M n *i 3 . 5 ZMZ. %> t Sg!ttt^>BAtt* { ^ 
$^>C (a) «»(OA-X-M [ML 1M (1 

o o -c ) ] *j 3 o *?rt-£ & Km^m^m 
o.-*. i oo*iBi*i:»af^(ttt*se*. 

( a ) ^<7)2 5-Ctcfc(tl> 5fii%<7> WPxyjg 
(SV) *U 50cPs*)HTJ>Sk^ttSg 

[0008] r^ndr^^y^Sr^-xt^-fttcts^ 
tcy^x'x^Srfi^L, ^i^^^r;i^3^v^y;us^ 

^M»*,±itl»3'A«#iU, 1. 4-i^X^ 
^fSfiig^v^yr^^'x^rfASr^-r&c: 

-eLT. r^n^r^^y/i^^i^ro-fk^fttcT^y 

y^ >--x>5r^tt^S ClttiO. «3SM^Httfcft*ut: 
«ttfiB»*3&»fefll«$ ixi. ^J-'S.^-th y y y H 

[0009] y^>-'xycofi-^Cffl^^ns#±Jl7c« 
^WMk LT(4. &«I<7)i>(y)S-^ffl-r^^ fc*iT'# 4. 
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1R2R3 (d,IT\ Ri. R 2 , *>±t/R 3 <i. |5j— ^ 3t« 

TIB^ ( I ) ^/caTtas (II) T^SflSflBg 
nmtt&WCbi. itz. ?T4y>r*i])V. 2 

3, (9), 5(1994), J. Am. Chem. S 
oc. , 115, 4971 (1993). J. Am. C 
hem. Soc. , 117. 6 4 6 5 ( 1 9 9 5) X'Tjk 
ZtLh TJl>±*y-y(7)^fcZ't> i V>. 

[00 10] 

Hfcl ] 

R 4 — AJ - ( O— AJ — ) n - O— AI—R* 

II I (I) 

R* R* R* 

(ID 

L -(0-AI-) ftf2 J 
I 

R 4 

[00 11] <5frK RM±. 2 0O«*lR 

^fc-frtfUMbJc*** n«2JJLb<?aaSt!'»*. ) 

[0012] y\nyy^^^ LTii, A l X n R 5 
3- n (ZZX\ XW^uyyX'fo*). R 5 te. 38fcRtf*l 
-2 0 ^^fc**aST* 9 . mtli£TfV*c)l&^ T V 
-)l>m. Tv^lVmXh*). ntt. 1, 1.5, 2 4 
fcli3t»4) T^£ix£T;l^-^Ay\^ K ; Me 
3 SrCl > Me 2 SrCl 2> MeSrHC 1 2 . MeS 

rC 1 3 i^Xhuyf>M7^ K ; %cr>&i)\ H 

1. 4-^*J&&jWS-£fi. l, 2-b^;US^^ 

&BB6 2-14 04-5H«tL MK63-64444f 

^ajBAfcriiWaHTl 1-35633 
#8. #fflfl 0-306 1 1 3^&Wl. HI2000- 

3432 o^&mco&wfflmizimztiz&K) . s^s 



[0013] 4fc. 5 y?y^m±mcmit&m < l 

j;xvii^«*^, ^**»i3J:tfMw/Mnfc 
±faEHi /^yxy/LaM^ftli 
^/WfrCl. 0 0 0 — 2 0 077. «f(Ctt5. 0 0 0—1 

0 077£iri>-£##4L<. 4*. A1R1R2R3/ 

LaM^Blli ^ujtri— 1. 000. mz&3-~ 
5oot^i>zt^mtL^\ zt>i,z, jwyyit&b 

/LaJWb^tt. */ktt*C0. 1-30,#CO. 2 
-1 5T**it*<»*L^. /MXll/Lalft^ 
Wi. ^A-itT'0— 3 0. Wfcl — 1 OfcTiwktfJf 

*u*. m^zhfz-oxit. mmzmmtxi*. mm* 

&m^1 t lZJ^U7m&h&\^mi®m&LX 

ffifttt. -3 0 9 C-1 5 0*C. if4L<W;l 0- 

1 0 0'C?&&. 

[0014] sstt^y r^s^xvifAtt. ±iB^a-^(w 

? >-fb-^5^$f ® tc^ffl $ ti& . mfcmttx 
fi. 3-^y^^vu^^rutvi^h y^ h^i^v-^ 
3-^y^^^^rotr^hyxh^f^^^ 

isis'yy. (3-/'Jyyymy/n^)^f^y 
xh^xy?^ ( 3, 4-^i$*tzsis9w^*>> 
/U) h'J^b^yy^ys j8-(3, 4-XtK^S^ 
o^^;U) h'Jih^y, /3- ( 3, 4-xtf" 
^i^QA^^) h3r^>-^>\ J3- 

(3, 4-x^i/y?D^^) ^)V-JX VSris 

i/?y, 3-^y ^^^^rubvuhy^b^^^ 

n^ri^^^y; 3->f VS/r^-h^abVUhy^h^r 

^s^>\ 3-^r Vv-r^-hrobvi/h yxh^^v- 

(3->(yy7t-h7'Dt;I/) ^f/^h^f 
S'S^V. (3->f yyTt-hrat/H ^f-yu^x 
h^rv-v'^y. 3->f VisT+— h^°ntf;l/by^h^f 
i/^^>-cOffi^%. ( 3-^fy^T^-hrabVU) ^ 
h*i/is7yc?>ffi&m%:b'c0'( Vi"T1~-hm 

[ 0 0 1 5 ] ttc. ±%Z7fra*isisV>l^&ft~ofc& 
T^^ryy^KJE5Sr{jBSS-fr. ^WJ7-03-;P 

T/U3^>- K*ff 3&«**f ^tl-S . 
[0016] JJE*SB3MK«fc: J: i36tt^RlB*iai. 
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sajKiA^j: mmw- 11-3563 3^fg{cte^$ 
nx^&irm. #m¥7- 2 6813 2^&mzmmz 
tix^&im%b' zum-?& z t #x- # h . 

[0017]«fc. ( b ) J£#T'$>£±IB ( a ) j£#JJl 

T-J>^„ (b)^coftft^li: LT<±. >-X3-fiA*8 0* 
^%*SS<?X &6^liMw/Mn#3. 5£j@;t&*^ 

x^-t-ymtrixyxxyrfA (EPDM) £-fc'£aplf 
&C:fc#-C-#6. Clixt>(i, lS#3UT't^{±2ttULh 

[ooi8]<5c(^ (c ) ^X'^&^mit^y^-iz 

ivmmb Lxm^&TmizmRt&^wsm-ftm* 
j hmhxwtSc.-fh7 i Jf}Mz^n^hbmz, ±m 
( a > ( b ) mtnmm z&m-t& ± 5 icfe 

«± 2 wfio^m^x-^ h zb*mtt<. *<7>mfam 1 1 
XTM<?>i><7>zmf& z t a<t-# s . 

[0 0 19] ( i ) T?>J/HL 
VI. ?oh>BL V^tV 

4><i. imm±x-ttziz2m&±zmx-'&t>-£xmm-r 

&ZbtfX'%&. 

(ii) ±15 ( i ) <7)^g£ft]g?C9Zn. Ca, Mg, B 
a. fcilXNatfD&Ji. £ft£>{4. ia#%T**^(42 

mv±*m?>--&b j £xmi-thzbtfx'zz>. ± 

IB ( i ) <0*t£»®i:±fe (ii ) Otemtebli. mx-is 
^Tfflv^^fc^T-^S. Srfc. _LlBa, iS-ifl/ 

%b'n&im.imitMvmj*tz^A.Mjm*p tzr? v/u 

*>MzmaLmvm.A,x'^®jm*x'a , ^-xf 
uy&^maximymb&mm-imb ZKmzitx. 
a, 0 -^\,>&7f$m*})i'Xym<?>±m&bLK.i* 

•s.. 

[oo20]sic. ( d ) j&frx-h&smxsffliiz-o^ 
xmm-t h. z<r)(d) wmvmn. mg^znm 

LX®%Z\*l±Z J £$>bmz. B^MteiOyUv Kd" 

/U7#-)u<7)mzzwm-t&zbtfx'%z,. urnxsm 

bLXii. JMWflfc, KflSESe, i^'J 



[002 1JW:, ( e ) j£#T**#»a»fl2*fco 
*^C0^Affl^%lcE^-$a^ (e) 
SIBBUMMWi. ( a ) Jfefrfcitf ( b ) iStftfrhtch 
=fAjfc>h ^f»i;c (c ) SUStt^y-e-^ SsigR 
^77 hBOfc. m&KStteb'cofflltl&lb vxttm-t 

z>. mw&mmcDttmzMftmbLx. witrs^s 

/l^-s^lM K. 1 . 1 -b'x ( t -rTf-;^-:** 
>-) -3. 3, S-fy^f-ylo^O'v^-tf-v. 2, 5 
- is* 2 , 5 - is- ( t - -f^)VJ^—^ is ) ^ 
1. 3-h'x ( t-y^-y^N-^v— -Y yr 

[0022] *^corf £.Mj8.mzttZixh±si 
(a) ^fcj;^ (b) ( c ) $m&*. j-?-^ 

( d ) iagftij!^ ( e ) wmmm<nmm^\,t. a 

TcOb&*)X'$>&. 

(a) ^iJ^ylWA 5 0— lOOfiSSP, 
»t L<<46 0~1 OOHagP, (b) _tE (a) 
W\-coisx.y&zfj>5 0—ongL^ ffiL<li40- 
OSfigp C Z ZX\ ( a ) f&ftk ( b ) ^fcco^-ftS 
\i 1 0 OfiggB] T-S>-S. . ( a ) ~ ( b ) ^fcrfev^ 
T . ( a ) ^c0E-^fi*< 5 0 SfigP*^T-«4 . V l» -y 

( c ) aetKtt^e iOE^-iti. (a) — (b)jft 

,^<?>&ffai ooftagi5tc*tL, i o~5.osagp s » 

^t<{410~40 Sfi^-C'S) §.10 fifiSP*-<flT' 
Ji. VU y Yrf)Vy#-}\,t LXnKfmtf-fcftX'ltt: 
<, Z<?)te#>%mgtf1&TLWzmi>i&Tl.. -^r, 5 

[0 0 23] ( d ) MW0£mmm^mt, (a>~ 

(b) J&fr<0^if-Sl 0 0fiJISPC*tt, 5-8 oas 
», #£L<l±5~7 0ft»grt'£>&. 5S*gP*)WT' 

8 0fifig5S-®i.§t. 1l^iy'J'yKrfA'7* 

( e ) mHMUiKOlB^JIii. ( a ) - ( b ) 

^•n-iiooafigptc^L, o. i~ioaagg.»t 

L<{±0. 2~5a*SPT-J>€». 0. iafigP*j?ft' 
{4. *4>>5: < % <0 -t&XKmitfm< % *) . fRSEfSA J iK 
TU 1 oa*SBSri@xSi:. ®<5rO-r§'TfT 

fo&zbizj:*). *mfo*MM.f&.W}*t*. mm., m 

&&&l:Z/mmiz&iX&V U y H ^7jK-At6W6 
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[0024] *«B^=fAffljfi»fctt. ±E ( a ) 

**jttM (omm&*s^-. id) mm 
[0025] *«h^>^m«*3^4>. ?gfi§. «^$tt. 

TttSSii*y "J >y H^7*-;l^)ftS0ISHiB*# 

*-;U£^1Wfc»rffiI2T& 0 . B 1 4> . 1 (4#ftgfrfr 
T\ 1 a(4r>f y7/K'*l>o *ttSJ#lli. =fA« 

y v K^7jK-;P*St^B»BfHH-cft4 # 1 1 (4n 
1 2l4Xr^-T*9. 1 214. ±En 

T-l lSWBLTV^ft. *LT. 12alt for 
/IT* 6, 3T-llfcL =fA»*»6«jftS*iTV^*. 
[13(4. XU — t-XV'J «y /ufr^tm 
Bfffi0T**>3. 2 22(4Wfr?T- 
T\ 2 3J4^n-"C*9. 2 3alif^r;Pt*5. 

- 2 1 bvtmx t— 2 2 itv y y F 3 t-£«u£ LT 

O*. JifE^Iii=?r-2 l*4v^l37-2 2^ 

<o«i j: o i>*x'h& <r t if mm. mmmw&<?>& 

T#*U*. Mi. if. Wf^T-2 2(cW 2 o 5 #£'<7)Jt 
K<^£v^«#J£:E-&U rt«37-2 1CZn0 2 

[0026] mz. *«WeO=f Affl«»*ffl^T. V U 

yt-xy y k^7#-/ko**»^. y-fc°-x 
V 'J v K ?K— ;l^co ^7-^<t txx y — X v y 

iBJKt\ 1 0— 5 OttHT-fefc^tftfiU*. 

««»^>awtt. 2«»jajaiEi"Cfcj:^. xy^t 

-xy y yW;^#-KB, Jiie^J:3(cLTt#^ 

^nctciot 2a«jtc7)yy y K37-^m 
^y-t-^yyyH^7 
X-)VX\^ rtiinr-feiWBnr-^^fW: 

[0027] 7-e-xy y y Y^)Vytf— 



y-t-^y y y FrOi^tf-^co^A— (4. r-f >ry 

3rV*. 4fc. VW—XV y >y Krf;U^^C-;UC^V^T 
»4*««»oft»ii**c. *y-e-xy y * nrf/io?*— 
/my-t-xyy > y k=0P7sK— ;wc*jt^rtt^^ 

f-* y y v H rf;W7 LT . *^0J^rf 

[0028] 

[0029] -£j£#J l CSHbtfy isjayzfj* 

(A) : HPB (A) ^JSH 

^DMty2.5kg, 1, 3-^y'xy30 0g 

A(0. 1 8mmo 1 ) i3 ir/T-fe^T-fe: h y ( 0 . 3 " 
7mmo 1 )^&t£i/7u^*rym^ *^-)VT)V 
**V> ( 1 8. 5mmo 1 ) OWW^jgfjflL ^KS-fL 
yMy/f^T/P^^A ( 3. 9mmo 1 ) c7)^^a 
^*V>mM&£V&tti;^JUT/V$-^M>(0 . 3 7 
Ommo 1 )CDi/7v^^>mm.£iU,-£L. 

ACDSm^frcOl, 3-/^yxy(0. 9 
Ommo 1 ) b2 5*CX*3 0ftm&jmmZttW£$: 
tta^. 5 0tt3 0^t^l:^^ 4 1. 3-y^ 
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